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[TYPE OF THE DOCUMENT] Specification 

[TITLE OF THE INVENTION] WORK COMFORT EVALUATING APPARATUS 
AND WORK COMFORT EVALUATING METHOD 
[CLAIMS] 

[Claim 1] 

A work comfort evaluating apparatus for evaluating a 
degree of work comfort by measuring myoelectric potentials 
during a work activity which is performed antagonistically by 
a pair of muscles provided in a human body in bilaterally 
symmetrical relation, the apparatus comprising: 

a pair of detection sensors for detecting the 
myoelectric potentials produced by actions of the pair of 
muscles provided in the human body in bilaterally symmetrical 
relation during the work activity; 

an amplifier for amplifying the pair of myoelectric 
potentials detected by the detection sensors; 

a waveform processing unit for generating a synchronous 
contraction waveform of the pair of muscles from time-series 
waveforms of the pair of amplified myoelectric potentials; 
and 

an evaluation unit for evaluating a level of the degree 
of comfort of the work activity from intensity information of 
the generated synchronous contraction waveform or from 
freguency information of the generated synchronous 
contraction waveform contained in a specified intensity range. 

[Claim 2] 

The work comfort evaluating apparatus according to claim 
X, wherein the evaluation unit calculates the intensity 
information of the generated synchronous contraction waveform 
or the freguency information of the generated synchronous 
contraction waveform at specified time intervals and 
evaluates the level of the degree of comfort of the work 
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activity at the specified time intervals based on results of 
the calculation. 
[Claim 3] 

The work comfort evaluating apparatus according to claim 
1 or 2, wherein the waveform processing unit performs full- 
wave rectification with respect to the time-series waveforms 
of the pair of myoelectric potentials, and thereafter, 
designates the smaller one of respective values at the same 
time of the time-series waveforms of the pair of myoelectric 
potentials that have been subjected to the full-wave 
rectification as a signal value of the synchronous 
contraction waveform. 
[Claim 4] 

The work comfort evaluating apparatus according to claim 
1 or 2, wherein the waveform processing unit designates a 
geometric mean value of signal values of the time-series 
waveforms of the pair of myoelectric potentials as a signal 
value of the synchronous contraction waveform. 

[Claim 5] 

The work comfort evaluating apparatus according to any 
one of claims 1 to 4, wherein the work activity comprises 
steering of a wheel in driving a vehicle. 

[Claim 6] 

The work comfort evaluating apparatus according to claim 
5, wherein the pair of muscles comprise deltoid muscles 
positioned in shoulders of the human body. 

[Claim 7] 

A work comfort evaluating method of evaluating a degree 
of work comfort by measuring myoelectric potentials during a 
work activity which is performed antagonistically by a pair 
of muscles provided in a human body in bilaterally 
symmetrical relation, the method comprising: 
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a step of detecting the myoelectric potentials produced 
by actions of the pair of muscles provided in the human body 
in bilaterally symmetrical relation during the work activity 
and amplifying the pair of myoelectric potentials; 

a step of generating a synchronous contraction waveform 
of the pair of muscles from time-series waveforms of the pair 
of amplified myoelectric potentials; and 

a step of evaluating a level of the degree of comfort of 
the work activity from intensity information of the generated 
synchronous contraction waveform or from frequency 
information of the generated synchronous contraction waveform 
of the generated synchronous contraction waveform contained 
in a specified intensity range. 
[DETAILED DESCRIPTION OF THE INVENTION] 

[0001] 

[Technical Field of the Invention] 

The present invention relates to a work comfort 
evaluating apparatus and a work comfort evaluating method of 
evaluating a degree of work comfort by measuring a 
myoelectric potential during a work activity which is 
performed antagonistically by a pair of muscles (carnes) 
provided in a human body in bilaterally symmetrical relation 
and, more particularly, to an apparatus and method of 
evaluating a degree of comfort of, e.g., wheel steering when 
a driver steers a vehicle wheel. 

[0002] 

[Prior Art] 

To provide a vehicle such as an automobile and a tire 
which allow comfort wheel steering, automobile makers and 
tire makers in these days have investigated the wheel 
steering comfort of a vehicle and performed the development 
of vehicles and tires by using various methods. 
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In the development of vehicles and tires, when it is 
evaluated whether or not the steering of a wheel is comfort, 
the evaluation is generally performed in most cases by using 
subjective judgment by a driver or quantitatively measuring 
the behavior of a vehicle by providing the vehicle with a 
measurement sensor for an acceleration rate or the like and 
acquiring physical measurement data representing the behavior 
of the vehicle. 

[0003] 

To evaluate the degree of load placed by a given work 
activity while it is performed, it has also been performed in 
these days to acquire an electromyogram representing the 
waveform of a myoelectric potential from an activity worker 
and thereby quantitatively recognize the load on the muscle 
of the activity worker. It is considered that the 
myoelectric potential enables proper evaluation of the degree 
of load placed by a given work activity while it is performed 
since the myoelectric potential can be measured easily and 
conveniently and is also high in responsivity . It can also 
be considered to apply a method of evaluating a degree of 
load placed by a work activity which uses the electromyogram 
to the steering of a vehicle wheel by a driver. 

[0004] 

[Problems to be Solved by the Invention] 

However, since the steering of the vehicle wheel by the 
driver is a work activity which is performed antagonistically 
by deltoid muscles which are a pair of muscles provided in a 
human body in bilaterally symmetrical relation, the fact is 
that the one of the muscles on which less load is placed does 
not always correspond to a higher degree of comfort during 
wheel steering. 

For example, when a force for wheel steering is small, 
the load on the muscles of the driver is reduced but the 
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problem is encountered that the steering wheel should be held 
incessantly with the small force. When the force for wheel 
steering is large, the load on the muscles when the driver 
steers the wheel is increased but the necessity to constantly 
hold the steering wheel is reduced because the wheel is 
stable . 

Accordingly, the degree of comfort of wheel steering 
cannot be evaluated properly from an index of load on a 
muscle obtained through the measurement of an electromyograirt. 

[0005] 

There is also a method which measures the fluctuations 
of the electroencephalogram, the fluctuations of the heart 
rate, the blood pressure, and the like as the bio-information 
of the driver. In either case, however, it is necessary to 
give a specified restriction to the driver, such as the 
retention of constant breathing, so a problem of placing 
extra burden on the driver is encountered. In addition, such 
bio-information has a problem in that it requires a 
sufficiently long measurement period in terms of analysis 
performed as a post process and a result which is high in 
responsivity cannot be obtained. Accordingly, the degree of 
comfort of actual wheel steering cannot be evaluated 
properly. 

Such problems are not limited to the steering of a 
vehicle wheel and similarly occur in the case where the 
degree of work comfort is evaluated when a pair of muscles 
provided in a human body in bilaterally symmetrical relation 
antagonistically perform a work activity. 

[0006] 

In view of the foregoing, it is therefore an object of 
the present invention to provide a work comfort evaluating 
apparatus for evaluating a degree of work comfort by 
measuring a myogenic action during a work activity which is 
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performed antagonistically by a pair of muscles provided in a 
human body in bilaterally symmetrical configuration and 
provide a work comfort evaluating apparatus and a work 
comfort evaluating method which allow the evaluation of the 
degree of comfort of a work activity from the result of 
short-period measurement without imposing a restriction on an 
activity worker. 
[0007] 

[Means to Solve the Problems] 

In order to achieve the above object, according to the 
present invention, there is provided a work comfort 
evaluating apparatus for evaluating a degree of work comfort 
by measuring myoelectric potentials during a work activity 
which is performed antagonistically by a pair of muscles 
provided in a human body in bilaterally symmetrical relation, 
the apparatus including: 

a pair of detection sensors for detecting the 
myoelectric potentials produced by actions of the pair of 
muscles provided in the human body in bilaterally symmetrical 
relation during the work activity; 

an amplifier for amplifying the pair of myoelectric 
potentials detected by the detection sensors; 

a waveform processing unit for generating a synchronous 
contraction waveform of the pair of muscles from time-series 
waveforms of the pair of amplified myoelectric potentials; 
and 

an evaluation unit for evaluating a level of the degree 
of comfort of the work activity from intensity information of 
the generated synchronous contraction waveform or from 
frequency information of the generated synchronous 
contraction waveform contained in a specified intensity 
range. 

[0008] 
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At this time, it is preferable that the evaluation unit 
calculate the intensity information of the generated 
synchronous contraction waveform or the frequency information 
of the generated synchronous contraction waveform at 
specified time intervals and evaluates the level of the 
degree of comfort of the work activity at the specified time 
intervals based on results of the calculation. 

Further, it is preferable that the waveform processing 
unit perform full-wave rectification with respect to the 
time-series waveforms of the pair of myoelectric potentials, 
and thereafter, designate the smaller one of respective 
values at the same time of the time-series waveforms of the 
pair of myoelectric potentials as a signal value of the 
synchronous contraction waveform. Alternatively, it is also 
preferable that the waveform processing unit designate a 
geometric mean value of signal values of the time-series 
waveforms of the pair of myoelectric potentials as a signal 
value of the synchronous contraction waveform. 
[0009] 

The work activity is exemplified by steering of a wheel 
in driving a vehicle. In this case, the pair of muscles are 
exemplified by deltoid muscles positioned in shoulders of the 
human body. 

[0010] 

Further, according to the present invention, there is 
provided a work comfort evaluating method of evaluating a 
degree of work comfort by measuring myoelectric potentials 
during a work activity which is performed antagonistically by 
a pair of muscles provided in a human body in bilaterally 
symmetrical relation, the method including: 

a step of detecting the myoelectric potentials produced 
by actions of the pair of muscles provided in the human body 
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in bilaterally symmetrical relation during the work activity 
and amplifying the pair of myoelectric potentials; 

a step of generating a synchronous contraction waveform 
of the pair of muscles from time-series waveforms of the pair 
of amplified myoelectric potentials; and 

a step of evaluating a level of the degree of comfort of 
the work activity from intensity information of the generated 
synchronous contraction waveform or from frequency 
information of the generated synchronous contraction waveform 
contained in a specified intensity range. 

[0011] 

[Embodiment of the Invention] 

A detailed description will be given herein below to a 
work comfort evaluating apparatus and a work comfort 
evaluating method according to the present Invention based on 
a preferred embodiment shown in the accompanying drawings. 

[0012] 

FIG. 1 is a schematic structural view of a steering 
comfort evaluating apparatus 10 obtained by applying the work 
comfort evaluating apparatus according to the present 
invention to the wheel steering operation of a driver. 

The steering comfort evaluating apparatus 10 is an 
apparatus for evaluating a degree of comfort of wheel 
steering by a driver who is driving a vehicle and is 
comprised of detection sensors 12 and 14 for detecting 
myoelectric potentials at the left and right deltoid muscles 
of the driver, an electrode 16, an amplifier 18 for 
amplifying the myoelectric potentials from the detection 
sensors 12 and 14, a processing unit 20 for evaluating the 
degree of comfort of wheel steering from the time-series 
waveforms of the amplified myoelectric potentials of the left 
and right deltoid muscles, and a monitor 22 for monitor 
displaying the result of evaluation. 
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[0013] 

The detection sensor 12 is a sensor for detecting a 
myoelectric potential at the deltoid muscle of the left 
shoulder of the driver and is composed of a pair of skin 
surface electrodes (e.g., Ag/AgCl plate-like electrodes, Ag 
electrodes, or stainless steel electrodes) . The pair of skin 
surface electrodes are attached to the surface of the left 
shoulder in which the deltoid muscle is positioned in spaced 
apart relation each other at a given distance, e.g., 2 cm. 

The detection sensor 14 is a sensor for detecting a 
myoelectric potential at the deltoid muscle of the right 
shoulder of the driver and is composed of a pair of skin 
surface electrodes, similarly to the detection sensor 12. 
The pair of skin surface electrodes are attached to the 
surface of the right shoulder in which the deltoid muscle is 
positioned in spaced apart relation each other at a given 
distance, e.g., 2 cm. 

The attachment of the detection sensors to the surface 
of the skin of the driver is performed by rubbing the skin 
surface by using a scrub, removing contamination therefrom by 
using alcohol, and using an electrode glue. At this time, 
contamination is removed until electric resistance reaches a 
value of 30 kQ or less (preferably, 5 kQ) . The two 
electrodes are attached to the bellies of the muscles to be 
measured in parallel relation to the muscle fibers. The 
positions of attachment are determined to avoid innervative 
areas so that, as shown in FIG. 2, each of the two electrodes 
is attached to the position P spaced apart in a longitudinal 
direction of the arm from the edge portion A of the acromion 
by the widths of three fingers to have a given distance 
therebetween . 

[0014] 
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On the other hand, the electrode 16 is an earth 
electrode attached to the earlobe of the driver, which is an 
electrically inactive position, to maintain the potential of 
the driver constant. The electrode 16 is provided to perform 
precise measurement using the detection sensors 12 and 14. 
The electrode 16 connected to the amplifier 18 is earthed via 
the amplifier 18. 

The amplifier 18 is a well-known operational amplifier 
for amplifying the myoelectric potentials detected by the 
detection sensors 12 and 14. 

The myoelectric potentials detected by the detection 
sensors 12 and 14 and amplified are sent to the processing 
unit 20. 

[0015] 

The processing unit 20 is comprised of a waveform 
processing unit 24 and a comfort evaluation unit 26. 

The processing unit 20 is a unit composed of a computer, 
while the waveform processing unit 24 and the comfort 
evaluation unit 26 are constituted to perform individual 
functions by executing programs. 

Each of the waveform processing unit 24 and the comfort 
evaluation unit 2 6 may also be composed of a dedicated 
circuit . 

[0016] 

The waveform processing unit 24 is a portion which 
samples the time-series waveforms of the myoelectric 
potentials, performs full-wave rectification, and then 
normalizes each of the time-series waveforms of the 
myoelectric potentials by using a maximum myoelectric 
potential preliminarily measured by using the detection 
sensors 12 and 14 and recorded/held to calculate an index 
(Index) , while outputting, as a synchronous contraction 
waveform, a waveform generated by selecting the smaller one 
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of the values of indices at the same time calculated by 
normalizing the myoelectric potentials of the pair of left 
and right deltoid muscles. The synchronous contraction 
waveform will be described later. 
[0017] 

The maximum myoelectric potential used herein is a 
myoelectric potential when the driver places maximum load on 
the deltoid muscles to cause a muscle action. The 
measurement of the maximum myoelectric potential is performed 
every time the detection sensors 12 and 14 are attached. The 
reason for normalizing each of the time-series waveforms of 
the myoelectric potentials by using the maximum myoelectric 
potential is that the electric resistance of each of the 
detection sensors 12 and 14 slightly changes every time the 
detection sensors 12 and 14 are attached and the magnitudes 
of the detected myoelectric potentials change accordingly. 

The waveform processing unit 24 may also be constituted 
to generate a synchronous contraction waveform which uses a 
geometric mean value of the signal values of the pair of 
myoelectric potentials at the left and right deltoid muscles 
as a signal value. In this case, it is unnecessary to make 
an adjustment by normalizing each of the time-series 
waveforms of the left and right myoelectric potentials by 
using the maximum myoelectric potential so that the 
measurement of the maximum myoelectric potential is not 
required. 

[0018] 

The comfort evaluation unit 26 is a portion which 
calculates intensity information from the synchronous 
contraction waveform generated in the waveform processing 
unit 24 at specified time intervals and evaluates the level 
of the degree of comfort of wheel steering by the driver from 
the result of the calculation. 
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The intensity information of the synchronous contraction 
waveform indicates herein, e.g., the RMS (root means square) 
value (effective value) or integral value of the synchronous 
contraction waveform which is calculated at intervals of, 
e.g., 0.1 to 0.5 seconds, an integral value of the envelope 
of the synchronous contraction waveform, or the like. 

Instead of calculating the intensity information of the 
synchronous contraction waveform, it is also possible to 
calculate the frequency information of the synchronous 
contraction waveform and evaluate the degree of comfort of 
wheel steering based on the frequency information. The 
frequency information of the synchronous contraction waveform 
indicates, e.g., the probability or number of times of the 
signal value of the synchronous contraction waveform which 
falls within a specified range of RMS values or the like. 

[0019] 

The comfort evaluation unit 26 evaluates the level of 
the degree of comfort of wheel steering by the driver by, 
e.g., comparing the RMS value of the synchronous contraction 
waveform with the set value of each of levels that has been 
predetermined for the level classification of the degrees of 
comfort of wheel steering by the driver. Alternatively, the 
comfort evaluation unit 2 6 evaluates the level of the degree 
of comfort of wheel steering by the driver by, e.g., 
comparing the frequency information of the synchronous 
contraction waveform with the set probability of each of 
levels that has been predetermined for the level 
classification of the degrees of comfort of wheel steering by 
the driver. 

Such a result of evaluation is sent to the monitor 22 
together, with the synchronous contraction waveforms and the 
time-series waveforms of the myoelectric potentials of the 
left and right deltoid muscles to be displayed thereon. 
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[0020] 

Thus, the steering comfort evaluating apparatus 10 is 
characterized in that it generates the synchronous 
contraction waveform from the time-series waveforms of the 
myoelectric potentials at the left and right deltoid muscles 
and evaluates the degree of comfort of wheel steering by the 
driver by using the intensity information or frequency 
information of the synchronous contraction waveform. 

In general, the steering of a wheel by a driver is 
performed by the action of steering a vehicle wheel (steer) . 
In the case of turning the vehicle to the right, e.g., the 
steering of the wheel involves the upward movement of the 
left hand holding the steering wheel so that the deltoid 
muscle in the left shoulder of the driver is contracted. On 
the other hand, the right hand only performs a helping 
function by touching the wheel so that the deltoid muscle in 
the right shoulder of the driver is slackened. In the case 
of turning the vehicle to the left, the deltoid muscle in the 
left shoulder of the driver is slackened, while the deltoid 
muscle in the right shoulder of the driver is contracted. 
The wheel steering by the driver which is performed by thus 
contracting one of the pair of deltoid muscles provided in a 
human body in bilaterally symmetrical relation and slackening 
the other of the pair of deltoid muscles corresponds to a 
work activity which is performed antagonistically by a pair 
of muscles provided in the human body in bilaterally 
symmetrical relation according to the present invention. 

[0021] 

However, when extra tension is placed on the hands of 
the driver gripping the steering wheel due to any mental load 
or the like or when the driver tenses up because the steering 
of the wheel is difficult, the pair of left and right deltoid 
muscles are contracted in synchronism even during the 
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steering of the wheel which is performed antagonistically by 
the pair of left and right deltoid muscles. The waveform of 
the myoelectric potential measured at this time is referred 
to as a synchronous contraction waveform. 

Through such contraction of the deltoid muscles, the 
driver can obtain a force to hold the steering wheel. 
However, the force to hold the steering wheel in this case is 
information which cannot be obtained in the form of physical 
measurement data representing the behavior of the vehicle, 
such as an acceleration rate, by providing a measurement 
sensor such as a load cell. 

The inventors of the present invention have found that 
the ease of wheel steering and the ease of control through 
wheel steering can be evaluated based on the intensity or 
frequency of the synchronous contraction and achieved the 
present invention. 

[0022] 

In the case of evaluating the degree of comfort of wheel 
steering by using such a steering comfort evaluating 
apparatus 10, the detection sensors 12 and 14 are attached 
initially to the surfaces of the right and left shoulders in 
which the deltoid muscles are positioned, as shown in FIG. 3 

{Step 100) . At the same time, the electrode 16 is attached 
to the earlobe. 

After the detection sensors 12 and 14 are attached, the 
maximum myoelectric potential when the driver maximally 
contracts both the left and right deltoid muscles is measured 

(Step 102) . The maximum myoelectric potential is sent to the 
waveform processing unit 24 via the amplifier 18 and 
recorded/held therein. As a result, it becomes possible to 
normalize each of the myoelectric potentials measured 
thereafter and hold the myoelectric potential information 
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constant which, otherwise, varies every time the detection 
sensors 12 and 14 are attached. 

[0023] 

Then, the driving of the vehicle by the driver is 
initiated, the wheel steering by the driver is performed, and 
the myoelectric potentials of the left and right deltoid 
muscles of the driver are measured constantly {Step 104) . 

In the measurement of the myoelectric potentials, the 
myoelectric potentials are amplified by the amplifier 18 and 
then supplied to the waveform processing unit 24. 

In the waveform processing unit 24, each of the time- 
series waveforms of the myoelectric potentials of the left 
and right deltoid muscles is subjected to full-wave 
rectification such that a signal waveform in which each value 
is not less than 0 is generated. Thereafter, each of the 
time-series waveforms of the myoelectric potentials that have 
been subjected to the full-wave rectification is normalized 
by using the maximum myoelectric potential that has been 
recorded/held. Further, the smaller one of the two values of 
the time-series waveforms at the same time that have been 
subjected to full-wave rectification is designated as the 
signal value of the synchronous contraction waveform, whereby 
the synchronous contraction waveform is generated (Step 106) . 
By thus selecting information on the myoelectric potential 
produced in that one of the deltoid muscles which is closer 
to the slackened state in the work activity of wheel steering 
performed antagonistically by the pair of deltoid muscles, 
information on the myoelectric potential when the deltoid 
muscles are contracted in synchronism can be obtained. 

[0024] 

In the comfort evaluation unit 26, the RMS values of the 
generated synchronous contraction waveform are calculated one 
after another at specified time intervals of, e.g., 0.1 to 
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0.5 seconds (step 108) and compared with the set value of 
each of the levels predetermined for the level classification 
of the degrees of comfort, whereby the degrees of comfort in 
the wheel steering by the driver are evaluated one after 
another {Step 110) . 

By thus measuring myoelectric potentials during the 
steering of a wheel which is performed antagonistically by a 
pair of deltoid muscles provided in a human body in 
bilaterally symmetrical relation, the degree of comfort of 
wheel steering by the driver which varies from moment to 
moment during wheel steering is evaluated from the result of 
short-period measurement without imposing a restriction on 
the driver. 

[0025] 

FIGS. 4(a) to 4(d) show examples of various time 
waveforms when the method described above is implemented. 
FIG. 4 (a) shows an example of the time-series waveform of the 
angle of wheel steering performed by the driver. FIGS. 4(b) 
and 4(c) show an example of the time-series waveforms of the 
myoelectric potentials (the index (Index) obtained by 
calculating the ratio between the time-series waveforms and 
the maximum myoelectric potential) at both the left and right 
deltoid muscles of the driver when the wheel steering shown 
in FIG. 4(a) is performed, which has been subjected to full- 
wave rectification. FIG. 4(d) shows an example of a 
synchronous contraction waveform (Index) generated from the 
time-series waveforms of the myoelectric potentials shown in 
FIGS . 4 (b) and 4 (c) . 

[0026] 

In this case, as can be seen from the time-series 
waveform of the steering angle shown in FIG. 4(a), the driver 
performed the steering of the wheel for a lane change at a 
maximum steering angle of about 20 to 30 degrees twice. 
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In FIG. 4(a), a positive steering angle indicates a 
state in which the wheel is steered to the right and a 
negative steering angle indicates a state in which the wheel 
is steered to the left. In the case of steering the wheel to 
the right, therefore, the contraction of the left deltoid 
muscle is significant as shown in FIG. 4(c). By contrast, a 
myoelectric potential is barely produced in the right deltoid 
muscle as shown in FIG. 4(b), which indicates that the right 
deltoid muscle is in a slackened state or in a state close to 
the slackened state. 

In the case of turning to the right, therefore, the 
waveform shown in FIG. 4 (c) is generally . selected as the 
synchronous contraction waveform. Likewise, the waveform 
shown in FIG. 4(b) is generally selected in the case of 
turning to the left. 

[0027] 

From the generated synchronous contraction waveform 
shown in FIG. 4 (d) , the RMS values of the waveform are 
calculated one after another at specified time intervals and 
compared with the set value of each of the levels 
predetermined for the level classification of the degrees of 
comfort of the wheel steering by the driver, whereby the 
degree of comfort of the wheel steering by the driver is 
evaluated. 

[0028] 

FIG. 5 shows the result of calculating the RMS values of 
the synchronous contraction waveforms acquired under the 
three conditions of US (Under-Steer) , OS (Over-Steer), and NS 
(Neutral-Steer) that have been set as the turning 
characteristics of a vehicle. As shown in FIG. 4 (e) , the RMS 
values of the synchronous contraction waveforms acquired 
under the individual conditions were calculated in a divided 
manner in correspondence to the steering angles. 
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The region S a is a region where the steering angle is 0. 
The region Li is a region where the steering angle is 
positive and increases with time. The region L 2 is a region 
where the steering angle is positive and decreases with time. 
The region L 3 is a region where the steering angle is 
negative and the absolute value thereof increases with time. 
The region L 4 is a region where the steering angle is 
negative and the absolute value thereof decreases with time. 
The region S b is a region where the steering angle is 0. The 
region L 5 is a region where the steering angle is negative 
and the absolute value thereof increases with time. The 
region L 5 is a region where the steering angle is negative 
and the absolute value thereof decreases with time. The 
region L 7 is a region where the steering angle is positive 
and increases with time. The region L 8 is a region where the 
steering angle is positive and decreases with time. The 
region S c is a region where the steering angle is 0. 
[0029] 

The RMS values in the individual regions were calculated 
by repeating the steering of the wheel shown in FIG. 4 (a) 
five times under each of the US, OS, and NS conditions and 
subjected to the analysis of variance so that it was examined 
whether or not the RMS values had statistically significant 
differences among the US, OS, and NS. 

On the other hand, the driver who performed the steering 
of the wheel was requested to perform subjective judgment on 
the degree of wheel steering. According to the result of the 
judgment, the steering of the wheel was performed most 
comfortably under the NS and next most comfortably under the 
US. 

The US is one of the turning properties of a vehicle 
with which, when the vehicle in the state of running along an 
arcuate configuration while maintaining a given steering 
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angle increases the driving speed thereof, the running of the 
vehicle expands outwardly from the above-mentioned arcuate 
configuration so that the turning radius is increased. 

The OS is one of the turning properties of the vehicle 
with which, when the vehicle in the state of running along an 
arcuate configuration while maintaining a given steering 
angle increases the driving speed thereof, the running of the 
vehicle moves inwardly from the above-mentioned arcuate 
configuration so that the turning radius is reduced. 

The NS is one of the turning properties of the vehicle 
with which, even when the vehicle in the state of running 
along an arcuate configuration while maintaining a given 
steering angle increases the driving speed thereof, the 
running of the vehicle does not deviate from the above- 
mentioned arcuate configuration so that the turning radius 
remains unchanged. 

[0030] 

FIG. 5 shows the average value of the RMS (Index} values 
in the regions S a , Li, L 2 , and S c under each of the OS, 

US, and NS . 

FIG. 6 shows the result of the analysis of variance on a 
5% significant level performed by using the calculated RMS 
values. In FIG. 6, each of "<" and ">" represents the 
magnitude relationship between a comparison pair having a 
statistically significant difference therebetween. 

By the result shown in FIG. 6, it was proved that the 
RMS value under the NS was smaller than the RMS value under 
the OS in each of the regions Li, L 3 , and L 7 , the RMS value 
under the NS was smaller than the RMS value under the US in 
each of the regions L lf L 4 , and L 7 , and the RMS value under 
the US was smaller than the RMS value under the OS in each of 
the regions L 3 and L 6 . 
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This has proved that the RMS value of the synchronous 
contraction waveform under the NS is smaller than the RMS 
values under the US and the OS in each of the regions 
(regions La, L 3 , L 4 , and L 7 ) where the RMS value under the NS 
has statistically significant differences between itself and 
the RMS values under the US and the OS and that the RMS value 
under the US is smaller than the RMS value under the OS in 
each of the regions {L 3 and L 6 ) where the RMS values under 
the US and the OS has statistically significant differences 
therebetween. 

[0031] 

The result of the analysis of variance corresponds to 
the above-mentioned subjective judgment of the degree of 
comfort of wheel steering by the driver. 

Accordingly, it will be understood that the use of the 
intensity information of the synchronous contraction waveform 
allows proper evaluation of the degree of comfort of the 
wheel steering. 

It can therefore be said that the use of frequency 
information contained in a specified intensity range in the 
synchronous contraction waveform allows proper evaluation of 
the degree of comfort of wheel steering. 

Since the RMS values vary with time, as shown in FIG. 5, 
the calculation of RMS values at specified time intervals 
further allows the evaluation of the degree of comfort which 
varies with time. For example, even under the NS which is 
the best in the degree of comfort among the US, the OS, and 
the NS, a region in which the RMS value increases and the 
degree of comfort deteriorates can be determined. This helps 
the development of a vehicle and a tire which investigate 
wheel steering comfort. 

[0032] 
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Although the above-mentioned example has described the 
case where the degree of comfort is evaluated when a driver 
drives a vehicle and steers a wheel, the present invention 
does not limit the evaluation target of the degree of comfort 
to the steering of a wheel. The evaluation target may be any 
work activity provided that it is performed antagonistically 
by a pair of muscles provided in a human body in bilaterally 
symmetrical relation. 
[0033] 

Although the work comfort evaluating apparatus and the 
work comfort evaluating method according to the present 
invention have been described in detail, the present 
invention is not limited to the embodiment described above. 
It will be appreciated that various changes and modifications 
can be made in the invention without departing from the gist 
thereof . 

[0034] 

[Effects of the Invention] 

As described above, the present invention measures 
myoelectric potentials during a work activity which is 
performed antagonistically by a pair of muscles provided in a 
human body in bilaterally symmetrical relation, generates a 
synchronous contraction waveform from the pair of muscles, 
and evaluates the level of the degree of work comfort from 
the intensity information or frequency information of the 
generated synchronous contraction waveform. This allows the 
evaluation of the degree of comfort of a work activity from 
the result of short-period measurement without imposing a 
restriction on, e.g., the breathing of an activity worker as 
has been imposed conventionally. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[FIG. 1] FIG. 1 is a schematic structural view showing 
a structure of a steering comfort evaluating apparatus as an 
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example of a work comfort evaluating apparatus according to 
the present invention. 

[FIG. 2] FIG. 2 is a view illustrating deltoid muscles 
at which myoelectric potentials are measured in the steering 
comfort evaluating apparatus shown in FIG. 1. 

[FIG. 3] FIG. 3 is a flow chart showing a flow of an 
example of a work comfort evaluating method according to the 
present invention. 

[FIG. 4] FIGS. 4 (a} to 4(d) are views each showing an 
example of a time-series waveform obtained in the steering 
comfort evaluating apparatus shown in FIG. 1, and FIG. 4 (e) 
is a view illustrating regions obtained by dividing the time- 
series waveform shown in each of FIGS. 4(a) to 4(d). 

[FIG. 5] FIG. 5 is a view showing an example of the 
fluctuation of the RMS values of synchronous contraction 
waveforms obtained in the steering comfort evaluating 
apparatus shown in FIG. 1. 

[FIG. 6] FIG. 6 is a view illustrating an example of 
the result of analyzing the distributions of the RMS values 
of the synchronous contraction waveforms obtained in the 
steering comfort evaluating apparatus shown in FIG. 1. 

[Legend] 

10 steering comfort evaluating apparatus 
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20 processing unit 
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24 waveform processing unit 
26 comfort evaluation unit 
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[FIG. 2] 
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[FIG. 3] 
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[FIG. 5] 
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[TYPE OF THE DOCUMENT] Abstract 
[ABSTRACT] 

[Subject] The work comfort evaluating apparatus for 
evaluating a degree of work comfort by measuring actions of 
muscles during a work activity which is performed 
antagonistically by a pair of muscles provided in a human 
body in bilaterally symmetrical relation, and the degree of 
comfort of the work activity is evaluated from a result of 
short-period measurement without imposing a restriction of an 
activity worker. 

[Means for Solution] The steering comfort evaluating 
apparatus 10 includes a pair of detection sensors 12 and 14 
for detecting myoelectric potentials at a pair of deltoid 
muscles of a driver provided in a bilaterally symmetric 
relation produced by actions of the muscles during wheel 
steering, an amplifier 18 for amplifying the myoelectric 
potentials of the pair of deltoid muscles detected by the 
detection sensors 12 and 14, a waveform processing unit 24 
for generating a synchronous contraction waveform of the pair 
of deltoid muscles from time-series waveforms of the pair of 
amplified myoelectric potentials, and a comfort evaluation 
unit 2 6 for evaluating a level of the degree of comfort of 
wheel steering from intensity information of the generated 
synchronous contraction waveform or from frequency 
information of the generated synchronous contraction waveform 
contained in a specified intensity range. 

[Selected Drawing] FIG. 1 
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